Aims: To compare the responses of nursing home residents aged 80+ to an 8 weeks exercise program performed on a vibratory device and to the same exercise program preformed without vibration on lower limb performance, functional dependence and quality of life. Methods: Lower limb performance was evaluated using the 30 seconds Chair Sit to Stand test. Functional mobility was assessed using the timed up and go test. Postural stability was measured using a force platform. The Barthel Index was used to assess functional dependence and the EuroQol was used to evaluate Health-Related Quality of Life. 44 participants were allocated to the whole-body vibration group (n= 15), non-vibration group (n= 15) or to the control group (n= 14). Results: Significant differences were detected in favour of the whole-body vibration group in lower limb muscle performance (p = 0.001), mobility (p = 0.001), functional independence (p = 0.009) and quality of life (p < 0.001) as compared to the control and non-vibration groups. Conclusions: Whole body vibration based interventions may add additional benefits to conventional exercise programs in terms of lower limb muscle performance, functional dependence and quality of life among nursing home residents over 80 years.
INTRODUCTION
Aging is associated with a number of changes in the functionality of lower limbs such as a loss of muscle strength, poorer balance, a minor postural control or a decrease of gait ability (Kadono & Pavol, 2013; SousaVictor et al., 2015; Wolfson, 2001) . Aging causes a high prevalence in the number of falls suffered by older people, being even more prevalent in institutionalized older people (Rubenstein & Josephson, 2002) , since they have lower limb performance when compared with their peers living in the community (Nitz & Josephson, 2011) . This leads them to be more dependent and to have a lower quality of life (Almomani et al., 2014) . Hence, physical performance among nursing home residents aged over 80 is imperative.
There is strong evidence that exercise could improve physical function, increasing the speed of gait and balance, mobility and ability to perform activities of daily living (ADLs) independently (Chou, Hwang & Wu, 2012; Gine-Garriga et al., 2014) , but an adequate intensity and duration is required (Sherrington et al., 2008; Sherrington et al., 2011) . Such programs might not be well tolerated by frail people due to fatigue (Pollock, Martin & Newham, 2012) . Thus, there is a need for alternatives to improve modifiable factors such as strength and mobility and ultimately improve the functional dependence and quality of life of nursing home residents aged over 80.
Whole-body vibration (WBV) training has become increasingly popular over the past several years as an alternative to conventional exercise programs. It is hypothesized that WBV enhances the neuromuscular system by increasing the sensitivity of the stretch reflex. Furthermore, vibration appears to inhibit activation of antagonist muscles through inhibitory neurons, thus altering the intramuscular coordination patterns leading to a decreased braking force around the joints stimulated by vibration (Cardinale & Bosco, 2003) . Hence, WBV has the potential to improve functional mobility, muscle strength and postural control (Cardinale & Bosco, 2003) , suggesting that whole-body vibration might be an effective intervention for falls. Furthermore, WBV training minimizes the need for conscious exertion (Bogaerts et al., 2009) , which makes this kind of exercise therapies a suitable alternative for individuals unable or unwilling to do strength and balance training (Lam et al., 2012) such as nursing home residents aged 80+.
Different studies have reported on the feasibility and effectiveness of WBV to improve mobility, strength, balance, functional dependence or quality of life among older adults living in nursing homes when compared to non-exercise control groups (Bautmans et al., 2005; Bogaerts et al., 2011; Bruyere et al., 2005; Sievanen et al., 2012) or physiotherapy patients (Bruyere et al., 2005) . However, whether the potential positive effects of WBV programs are due to vibration or due to the exercises performed on the platform itself remain unclear (Álvarez-Barbosa et al., 2014) . Recently, Sievanen et al. (2012) reported no significant treatment effect on mobility after comparing 10 weeks of an exercise program performed at either low-frequency (12Hz) or highfrequency (16 Hz) with the same exercise program performed on the vibratory device but without the vibration component among nursing home residents. Bautmans et al. (2005) reported on the benefits of 6 weeks static WBV exercise on balance and mobility when compared to the same static exercises performed without vibration among nursing home residents. In order to contribute to the ongoing discussion on whether WBV is a suitable training method for nursing home residents aged 80+, the aim of this quasi-experimental, pilot trial was to compare the short term responses of nursing home residents aged 80+ to an exercise (dynamic) program performed on a vibratory device and to the same exercise program (performed on a step of the same dimensions as the vibratory device) without the vibration component on lower limb performance, functional dependence and health-related quality of life.
MATERIALS AND METHODS

Participants and study design
A quasi-experimental study was conducted. The study was approved by the research Ethics Committee of the University of Seville and was conducted in accordance with the Declaration of Helsinki. All participants received written and oral information on the study's aims and procedures. Informed consent was obtained from all individual participants included in the study. Participants in the study were recruited from two nursing home facilities in Seville (Southern Spain). Residents were eligible for the study if they were institutionalized in the nursing home where the study was carried out, if they were at least 80 years old and if they had no major physical (including cardiovascular disease) or cognitive disorder that could prevent them from standing safely on a WBV platform or on a step platform. Potential participants were excluded if they had a pacemaker, knee or hip prosthesis or any other physical, functional or cognitive impairment interfering with testing and training protocols. Out of 60 eligible participants in one of the facilities, 35 showed initial interest in the study. However, only 29 fulfilled the inclusion/exclusion criteria and were allocated either into the whole-body vibration group (WBV) or into a control group (CG) using a computer generated random allocation data processing program. Randomization was performed by a member of the research team not directly involved in the recruitment process or assessment of participants. The third study group was recruited from another nursing home facility. Out of 42 potential participants in that facility, 23 showed initial interest in the study. Finally, 15 individuals from that facility were included in the study and allocated into the non-vibration group (nV). A total of 44 subjects participated in the study (Fig 1) .
Experimental protocol
Both the WBV and the nV groups participated in an 8-week exercise-based program consisting of three sessions per week with a rest period of at least one day between sessions, with the same exercises in each treatment session. To warm-up, participants stood three times in an isometric squat position with knees flexed at 100° for 30s with a rest period of 30s between each. This exercise was repeated three times. After that, participants were asked to perform 6 exercises (step up and down, lunge, squat, calf raises, left and right pivot in a front and lateral positions) with slow movements at a rate of 3 s for both concentric and eccentric phases ( Table 1 ). The exercises included have been previously used among older people living in nursing homes (del . The WBV group performed their exercise sessions on a vertical vibratory platform (YV20RS 700, BH, Spain (Table 1 ). In addition, frequency and amplitude used during the intervention have been previously reported to be safe among this population group (Bautmans et al., 2005; Bogaerts et al., 2011) . On the other hand, the non-vibration group performed their exercise sessions on a step platform with the same dimensions as the vibratory device. In both cases, the exercise sessions were supervised by one of the researchers of the study and the physiotherapist of the nursing home. Participants were asked to maintain their usual level of activity out of the intervention sessions. Likewise, the control group was instructed to maintain their usual levels of physical activity and their normal daily life activities over the study period. All participants in the study had access to the usual nursing home care available in public nursing homes in Spain (i.e. nursing care and physiotherapy -mainly mobility exercise sessions).
Outcome measures
Socio-demographic variables were recorded. The body-mass index and waist to hip ratio were calculated. Body-fat percentage was also estimated using an impedance analyser (Omron BF-306, Omron Healthcare Europe BV, Hoofddorp, The Netherlands) ( Table 2) .
Functional mobility was assessed using the Time Up and Go (TUG) test (Podsiadlo & Richardson, 1991) . Participants had to stand up from a standard chair, walk 3 meters to and around a cone, and then return to the chair in a comfortable and safe walking speed (Podsiadlo & Richardson, 1991) . The best time of two trials (1-minute rest period between each trial) was recorded. An increase equal to or greater than 0.8-1.2 seconds for Time Up and Go (TUG) test has been established as minimal clinically important difference (Wright et al., 2011) .
Lower limb muscle performance was assessed using the 30 seconds Chair Sit to Stand (30-s CSTS) test (Álvarez-Barbosa et al., 2014; Rikli & Jones, 2013; Thapa et al., 1994) . The task started and finished in a seated position. Participants were allowed a practice trial before the beginning of the test. The number of times within 30 s that the participant could raise to a full stand from a seated position as fast as possible, with their back straight and feet flat on the floor without pushing off using their arms, was counted. The maximum speed of each repetition as well as the average speed while standing-up were recorded with a Linear Encoder (Model TF-100, T-Force System Ergotech, Murcia, Spain) and the peak force was recorded using a Kistler force platform, type 9281A (Kistler Instruments AG, Winterthur, Switzerland). The maximum power during VOLUME 13 | ISSUE 4 | 2018 | 815 the test could then be calculated. An increase equal to or greater than 2-2.6 times for 30-s CSTS test has been established as minimal clinically important difference (Wright et al., 2011) .
Postural stability was measured using a Kistler force platform by recording the anterior-posterior (AP) and medial-lateral (ML) centre of pressure (COP) excursions while in a quiet standing posture. Sway ellipse area (cm 2 ) was calculated 3 times each with increasing postural difficulty: (i) standing on the force platform with the eyes open, (ii) standing on the force platform with the eyes open (cognitive task) and (iii) standing on the force platform with the eyes closed. For each condition, 3 trials were performed. Each trial lasted for 30 s and was followed by a rest period of 1 min. In this case, only the final 20 s were analysed (Prieto et al., 1996) . The cognitive task was counting backwards as fast and as accurately as possible by 3 while performing the standing task, beginning with a randomly selected number from a range of 100-200. Data were sampled at 1000 Hz and transformed to obtain COP area values.
The Barthel Index (BI) of activities of daily living (Mahoney & Barthel, 1965 ) was used to measure performance in ADLs of the participants in the study and the EuroQol-5D (EQ-5D) (EuroQol Group, 1990) was used to assess participants health-related quality of life (HRQoL).
Statistical analysis
Data analysis was carried out using the statistical software program SPSS for Windows V.17.0 (SPSS Inc., Chicago, IL). The Shapiro Wilk test was used to test the normality of data. After non-parametric distribution was confirmed, differences at baseline between groups were analysed using either Kruskal-Wallis H test or chi-square test. Between-groups comparisons after treatment were analysed using Kruskal-Wallis H test and post hoc comparison were performed with Mann-Whitney U test with Bonferroni correction. Wilcoxon test was performed to determinate the pre to post treatment intra-group differences. Median (IQR) was used as a descriptive statistic. Significance level was set at p <.05 for all analyses.
RESULTS
Forty-four nursing home residents were finally included in the study (Figure 1) . None of the participants in the intervention groups reported any adverse health effects during the treatment. In the WBV group, 73% (11 out of 15) of participants completed at least 80% of the sessions offered in the program. In the nV group, 80% (12 out of 15) of participants completed at least 80% of the sessions offered and 1 participant declined to participate before the study began, so finally 73% of participants in the nV were included in the analysis. In the CG, 78% of the participants were assessed at baseline and after the program and were included in the statistical analysis. Only those participants with pre and post treatment data on all assessed outcomes (i.e. 33/44) were included in the statistical analysis. No significant differences between groups were detected at baseline for any of the study variables (Table 2) .
Between group comparisons Statistically significant differences after an 8-week treatment were detected between groups in lower limb muscle performance [i.e. CSTS-number of times (p = 0.001)], mobility [TUG (p = 0.001)], functional independence [Barthel index (p = 0.009) and Barthel interpretation (p=0.012)] and quality of life [EQ-5d utility (p < 0.001), EQ-5D vas (p=0.046)] ( figure 2a and 2b) . No significant differences between groups in postural stability were found (figure 2c). Pairwise comparisons revealed significant improvement on TUG (p=0.001 and p<0.000), CSTS (number of times; p=0.006 and p<0.000), EQ-5D (utility; p=0.003 and p<0.000) in the WBV group when compared with nV group and CG.
Median changes (IQR) in 30-s Chair Sit to Stand test related variables and Time Up and
Go test score over the 8-wk treatment. a denotes positive (i.e., the score getting better within the group after the treatment period) intra-group statistically significant differences. b denotes negative (i.e., the score getting worse within the group after the treatment period). c denotes significant changes as compared to the other two groups after pairwise comparison.
Fig 2a. Lower limb performance and mobility outcomes. Median changes (IQR) in 30-s Chair Sit to Stand test related variables and Time Up and
Go test score over the 8-wk treatment. a denotes positive (i.e., the score getting better within the group after the treatment period) intra-group statistically significant differences. b denotes negative (i.e., the score getting worse within the group after the treatment period). c denotes significant changes as compared to the other two groups after pairwise comparison. Figure 2b . Functional dependence and quality of life outcomes. Median changes (IQR) in activity of daily fife performance as assessed by The Barthel Index) and health-related quality of life as assessed by The EuroQol over the 8-wk treatment. a denotes positive (i.e., the score getting better within the group after the treatment period) intra-group statistically significant differences. b denotes negative (i.e., the score getting worse within the group after the treatment period). c denotes significant changes as compared to the other two groups after pairwise comparison. 
Within-group comparisons
In addition, intra-group analysis showed that, after 8 weeks of training, there was a statistically significant improvement in TUG score test in the WBV group (-2.71s; p= 0.006) as well as in non-vibration group (-2.12s; p= 0.008). Improvements were also detected in CSTS-number of times (+3.54; p=0.002), CSTS-power (+50.49N; p=0.012) CSTS-force (+42.63N; p=0.048), and EQ-5Dutili ty index (+0.08; p=0.002) and EQ-5Dvas (+16.27; p=0.022) in participants in the WBV group (Figure 2a, 2b) .
Median changes (IQR) in activity of daily fife performance as assessed by The Barthel Index) and healthrelated quality of life as assessed by The EuroQol over the 8-wk treatment. a denotes positive (i.e., the score getting better within the group after the treatment period) intra-group statistically significant differences. b denotes negative (i.e., the score getting worse within the group after the treatment period). c denotes significant changes as compared to the other two groups after pairwise comparison.
Median changes (IQR) in postural stability assessed with the force platform during eyes-open test (OA), eyesclosed (OC) and cognitive interference (IC) over the 8-wk treatment.
DISCUSSION
The present study aimed at contributing to the ongoing discussion on the use of WBV as an alternative training method for frail elderly people (in this case, nursing home residents aged 80+) by conducting a small, quasi-experimental study comparing the short term responses of nursing home residents aged 80+ to an exercise (dynamic) program performed on a vibratory device and to the same exercise program (performed on a step of same dimensions as the vibratory device) without the vibration component on lower limb muscle performance, health-related quality of life and functional dependence. The main findings were that those participants that exercised on the vibration platform improved their lower limb muscle performance, mobility and health-related quality of life when compared to both the nV group and CG.
Intra-group analysis shows that WBV and the nV group significantly (clinical improvements) lowered the time spent in perform TUG test. However, only WBV group showed significant improvements compared with CG (p<0.001). Bautmans et al. (2005) , also found that WBV is feasible and might provide better benefits for mobility than static exercise in nursing home residents. This could be justified by the evidence suggesting that vibration is effective in enhancing strength and power capacity in humans (Cardinale & Bosco, 2003) . This could explain the decrease in time for the WBV group compared to the CG (+0.59s). Several studies have also reported the effectiveness of WBV to improve gait and mobility as assessed by the TUG test among nursing home elderly people (Bogaerts et al., 2011; Bruyere et al., 2005) . Nonetheless, the fact that participants in the WBV group scored better in the TUG test than participants in the nV group suggests that WBV may be a promising therapy to clinically improve gait function and mobility among nursing home residents aged 80+ (Shimada et al., 2011) .
We observed intra-group improvements in lower limb muscle strength and power in the WBV group. However, we failed to observe any improvement for those outcomes in either the nV group or the CG after the program. Thus, the WBV group did more sit to stand cycles in the 30-s CSTS test (+3.54; p=0.002) as compared to the other two groups after the treatment. This absolute change for the WBV group is considered clinically relevant according to previous studies since the improvement was more than 2-2.6 times greater (Wright et al., 2011) . These results are consistent with those obtained in another study that concluded that the addition of vibration to resistance exercise resulted in better functional outcomes than the same exercise program performed without vibration in a group of frail older adults (Pollock et al., 2012) . Therefore, our findings reinforce the idea that WBV may induce further benefits on lower limb muscle performance as compared to conventional training. One potential explanation may be that vibration causes changes in muscle length so muscle spindles activated alpha motor neurons, thus increasing the recruitment and activation of the agonist muscles that enhances the neuromuscular system (Burke & Schiller, 1976; Rittweger, 2010) . On the other hand, a relationship between muscle weakness (i.e. reduced strength) and fall risk had been previously reported (Marques et al., 2013) . Thus, we hypothesise that improvements in lower limb muscle performance VOLUME 13 | ISSUE 4 | 2018 | 819 may lead to fall risk prevention and a reduction in actual falls. Studies investigating long-term fall incidence among nursing home residents using WBV are warranted.
The fact that the participants belonging to the intervention groups (i.e. WBV and nV) were required to make the effort to climb to a step or a vibration platform could contribute to the improvements on the parameters assessed. Despite this, both groups made the same effort and yet, the WBV group obtained more benefits than the nV, suggesting the beneficial effects of WBV. However, we cannot discern whether the effort to climb to the platform might have something to do with the differences found in the control group, whose participants did not make such effort.
Additionally, those participants that followed the WBV-based training reported a better performance in their activities of daily living as assessed with the Barthel index. This could reflect the fact that participants in the WBV group also showed an improvement in lower limb muscle power. In fact, lower limb muscle power is considered one of the key predictors of functional dependency in older adults (Foldvari et al., 2000) and improvements could lead to a greater ability to perform activities of daily living and prevention of further disability (Cadore et al., 2014) . Consequently, participants in the WBV group self-reported a better healthrelated quality of life as compared to the nV group or CG. Thereby, our results support the idea that WBV is effective in improving health-related quality of life among older adults living in nursing homes (Álvarez-Barbosa et al., 2014; Bruyere et al., 2005) .
We failed to detect any statistically significant differences between the three groups and within-groups over the course of the study regarding static balance outcomes assessed in the current study. Previous studies have yielded similar conclusions. Mikhael et al. (2010) found that after 12-weeks of WBV-based therapy, a group of community-dwelling elderly people improved their lower limb muscle performance (i.e. strength and muscle speed contraction) but they did not find any effects on static balance. Another study on institutionalized elderly women did not even find any improvement on lower limb muscle performance or static balance after 6-months of WBV-based therapy (Bogaerts et al., 2011) . There are a number of plausible reasons that may explain this issue. The first is the kind of vibration stimulus produced by a vertical vibration platform (Álvarez-Barbosa et al., 2014) . The second could be that a conservative dose of WBV was used, and the third could be that a dynamic exercise program was performed which did not specifically target static balance of the participants (Álvarez-Barbosa et al., 2014) .
This study has a number of limitations that should be taken into account to correctly interpret the results obtained. The major limitation is the randomization of the sample, since participants from nV group belong to a different nursing home than WBV and control groups. However, nursing care offered similar standard cares and dependency level was similar among participants in the three study groups. In fact, none of the study variables showed statistically significant differences at baseline. Secondly, the small sample size could limit the generalization of the results. In addition, outcomes were assessed by one of the researchers who was not blinded. However, the present study was carried out as a pilot trial. Other studies might want to replicate the current study using a better research design. Another shortcoming was that the participants in the WBV group did wear their own shoes, so a potential damping of the vibration could have occurred. Given the characteristics of participants, researchers thought that asking participants to remove their shoes may compromise participation rates. Education on the importance of that aspect before starting the program may help overcome this limitation. Lastly, free-living physical activity was not assessed and therefore results were not adjusted. The fact that a conservative dose of WBV (i.e. low frequencies and amplitudes) was used in this study may account for the lack of a training effect on some of the outcomes in the study. Studies testing the optimal dose-response are therefore necessary.
